Introduction
During the past decade there has been considerable research on ground penetrating radar (GPR) tomography for detecting objects such as pipes, cables, mines, and barrels buried under the surface of the earth. While the earlier researches were all based on the assumption of a homogeneous background for simplicity, the planar air-soil interface has also been taken into account in two recently developed algorithms [1, 2] . These inversion schemes are both based on the first Born approximation, where a plane wave expansion of the dyadic Green function and an asymptotic formula valid for objects that are buried a few wavelengths from the air-soil interface is introduced in [I], while a far-field expression for the same dyadic Green function, which is valid when the object is located far from the interface, is employed in [2] . Despite the fact that the Born approximation is valid for low contrast scatterers, both inversion schemes have proven successful in detecting the location of high contrast conducting bodies (cf. [l, Fig. 61 ).
In this paper we address a general formulation for GPR imaging of buried 3-D metallic objects within the physical optics (PO) approximation which also highlights the analytical background behind the success of methods employed in [1, 2] in identifying high contrast scatterers.
The Forward Model
The GPR configuration is shown in Figure I in which a planar interface separates air from soil. A Cartesian zyz coordinate system is introduced such that the plane coincides with the interface and such that the upper region z > 0 is air with permittivity t o and permeability p~g while the lower region z < 0 is homogeneous and lossless soil with permittivity e l , permeability PO. However, the inversion algorithm is still expected to prove successful for small losses in soil as in [1, 2] (see [1, 2] fordetails).
Transmitter Receiver Hb(r',w) = --Rt, x E,exp (-zklRto r') , 
where In (3b), U is the unit step function and n', y, and y, denote the unit normal vector, the scalar singular function [3] , and the illuminated side vector singular function of the scatterer surface, respectively.
Replacing (3a) and the asymptotic expression of the dyadic Green function [2] into the integral representation of the scattered field at the receiver point, 
( 9 4 with When compared with the forward model derived under the assumption of the first Born approximation [2] , one observes that they, except for an unimportant factor, possess the same form. This explains why the Born-inversion models of [1, 2] can be used to detect metallic objects. is identically nonzero.
Concluding Remarks
We hereby like to note that in practice it is not necessary to measure the zcomponent of the scattered electric field for fixed-offset case; since the z-components of E, (due to eq.(2d)) and RI,, R,, can be expressed as a linear combination of their other two components, one can always get sufficient information by extracting the first two component_s of these vectors and the first two rows and columns of the transmission dyadic T i " .
